Background: Hepatic arterioportal shunt (A-P shunt) is defined as the direct blood flow established between hepatic artery and portal venous system; it is frequently observed in patients with hepatocellular carcinoma (HCC). Clinically, it is important to diagnose HCC associated A-P shunts, as it may impact the treatment strategy of the patients. In the present study, we described the imaging findings of the HCC associated A-P shunts and discussed the treatments strategy of such patients. From the findings, we also discussed the potential cause of A-P shunts. Methods: Clinical data of HCC patients (n = 560), admitted to the hospital between April 2012 to April 2014, were reviewed. Hepatic angiography was used to examine the presence of A-P shunts. Of the 137 patients with A-P shunts, grading of the A-P shunts was performed, and statistical analysis of the different grades of A-P shunts and clinical characteristics was performed.
Background
Transcatheter arterial chemoembolization (TACE) is one of the important treatment strategies for patients with hepatocellular carcinoma (HCC). It is not only used as a standard treatment for middle-stage tumor but also as a necessary treatment for early stage patients after surgery [1, 2] . Hepatic arterioportal shunts (A-P shunts) are frequently observed in patients with HCC. The presence of A-P shunt often complicates the HCC cases and severely affects the efficacy and safety of TACE. For example, the A-P shunts may cause the chemotherapy drug and embolic agent to run-off through the shunt path. The hepatic A-P shunts may also lead to the tumor thrombus detached from hepatic artery, resulting in a blockage of portal vein. The tumor thrombus detached may also block the hepatic small arteries, leading to hepatic tissue necrosis [3] [4] [5] [6] . As such, the best treatment strategy for HCC complicated with the hepatic A-P shunts remains to be determined.
There are various causes of A-P shunts, such as liver cirrhosis, hepatic neoplasms, hepatic trauma, obstruction of the portal or hepatic vein, and inflammatory diseases [7] . For HCC patients, it was suggested that A-P shunts were caused by the invasion of HCC into the portal vein system. When the hepatic vein is obstructed (e.g. due to rumor thrombus), the pressure gradient between the sinusoids and portal veins is reversed, resulting in a functional A-P shunt [8, 9] . The hemodynamics in such cases seem to be very complex and remain to be fully investigated. Histological findings have shown that when tumor tissues invaded along the portal vein cavity, the portal vein structure was generally complete, and structural changes of the portal vein have rarely been observed. On the basis of the hepatic artery angiography findings, direct circulation between hepatic artery and portal vein was not found in cases of tumor invasion. We hypothesized that hepatic A-P shunts of HCC patients were caused by the portal vein tumor thrombus. In this study, we analyzed characteristics of hepatic artery angiography images of A-P shunts in 137 HCC patients, and described the treatment strategy for such patients. We also performed statistical analysis to investigate the correlation of portal vein tumor thrombus and A-P shunts.
Patients and methods

Patients
Clinical data of 560 HCC patients, admitted to Shandong Tumor Hospital Affiliated to Shandong University between April 2012 and April 2014, were reviewed. All of these patients received TACE or transcatheter arterial embolization (TAE) treatment. Among these patients, 137 of them (124 male and 13 female) had A-P shunts. The age of patients with A-P shunts ranged from 32 to 83 years old, with median at 55 years old. The eligibility criteria include: 1) confirmed diagnosis of HCC by biopsy or imaging according to accepted guideline [10] ; 2) observation of hepatic A-P shunt in hepatic arteriography; 3) if A-P shunt was not found on hepatic arteriography, observation of iodized oil flowing from hepatic artery to the portal vein must be observed during TAE under X-ray examination; 4) patients with no history of hepatic resection. In this cohort, 127 patients had history of hepatitis B virus infection, 2 patients had hepatitis C virus infection, and the rest had no liver disease of clinical significance. Table 1 summarized the baseline clinical characteristics of the patients. The A-P shunts were divided into four grades: the atypical A-P shunts were classified as Grade 0, while the typical A-P shunts were further classified into three grades (Grade 1-3) according to severity (Table 2) .
Treatment with TACE/TAE
Digital subtraction angiography was performed on hepatic artery or superior mesenteric artery in all patients. Iodized oil (5-20 mL) and doxorubicin (40-60 mg) were used in arterial embolization. According to the timing of visualization of the venous structures on imagining, embolic agents including microsphere, absolute ethanol, and coils were used for shunt embolization. After embolization, hepatic artery angiography and liver-enhanced CT/MR were performed to examine the portal vein, specifically to observe the presence of tumor thrombus in the main trunk or branches of the portal vein.
Statistical analysis
Categorical variables were presented in frequency (%), and continuous variables were presented in mean ± standard deviation, or median. Categorical data between two groups were compared using the chi-square test or Fisher exact test. Continuous data between two groups were compared using t-test if the data were normally distributed; otherwise, Wilcoxon two-sample test was used. The association of the grading of A-P shunt and the grading of portal vein tumor thrombus was analyzed using Spearman rank correlation analysis. All statistical analyses were performed using SAS9.3. Two-tailed testing was used, and p < 0.05 was defined as statistically significant.
Results
Imaging and clinical characteristics of typical and atypical A-P shunt A-P shunts were classified into two types (typical and atypical) according to the hepatic arteriogram images. In typical A-P shunt, early enhancement of portal vein was observed (Fig. 1 ). The detail of the blood flow of the A-P shunts was displayed clearly, with the images showing 'thread and streaks' signs, corresponding to the blood flow and vessels. According to the conditions of the blood supply of tumor and the severity of A-P shunts, embolic agents including microsphere, absolute ethanol, and spring coils were used for shunt embolization.
In atypical A-P shunt, portal vein was not enhanced during the hepatic arteriogram examination. In these patients, when iodized oil was injected, the flow of oil from portal artery through the A-P shunt and through the portal vein was observed. Also, the short-term retention of iodized oil in the portal vein and diffused distribution of iodized oil in the liver were observed. This observation was different from the over-embolization of iodized oil, in which the iodized oil was first accumulated in the tumor and then in the peripheral portal vein. Of the 137 patients, 99 of them had typical A-P shunts and 38 had atypical A-P shunts. The comparison the clinical characteristics of the two groups of patients showed that patients with typical A-P shunts had significantly higher levels of serum AFP (p = 0.035) and AST (p = 0.025). Also, they had significantly larger tumor (p = 0.007), suggesting the advanced HCC stage of these typical A-P shunt patients ( Table 1) .
Grading of A-P shunts and portal vein tumor thrombus
We further classified the A-P shunts into four grades ( Table 2 ). For the 99 cases of typical A-P shunts, 21 of them were Grade 1, 47 patients were Grade 2, and 31 patients were Grade 3 ( Fig. 2) . We also examined the presence of portal vein tumor thrombus in all patients, and found 85.4% (117/137) of them had tumor thrombus. The tumor thrombus was classified into three grades (Grade 1-3) according to the severity (Table 3) . There were 34 patients with Grade 1 tumor thrombus, 50 patients with Grade 2, and 33 patients with Grade 3.
Association of A-P shunt and portal vein tumor thrombus
To investigate if the grading of A-P shunts was associated with the grading of tumor thrombus, a correlation analysis was performed. The grading of portal vein tumor thrombus was significantly associated with the grading of A-P shunt (p = < 0.001, Spearman correlation coefficient was 0.816 ± 0.043) ( Table 4) . For patients without thrombus, 19/20 of them had Grade 0 A-P shunt. There was only one patient with Grade 2 A-P shunts showed the absence of HCC invasion and absence of portal vein tumor thrombus. This patient had dilated bile duct as shown by the hepatic angiography.
There were 20 patients with no tumor thrombus observed (Grade 0) during the initial imaging examination. However, in the subsequent visits, 18 of these patients had tumor thrombus developed and typical A-P shunts observed. For the 34 patients, who had Grade 1 tumor thrombus, 17 of them had typical A-P shunts observed during the first imaging examination. Along the disease course of HCC and tumor thrombus development, eventually 28/34 patients showed typical A-P shunts by the end of the study.
Discussion
A-P shunts are frequently observed in patients with advanced HCC. In a previous study, hepatic angiogram examination revealed that among the 114 patients with HCC, 63.2% of them had various levels of A-P shunts [11] . A recent study also showed that among 596 patients with HCC, 27% of them had severe A-P shunts [12] . HCC associated A-P shunts may occur in different routes. Okuda et al. reported that shunts could occur 1) through a tumor thrombus in the portal branch, 2) in a retrograde direction via a peripheral tumor nodule, 3) through a small tumor invading or amputating an artery, or 4) through a tumor located near a major portal vein branch and supplied by a large artery [11] . In the present study, almost all the HCC associated A-P shunts were associated with the tumor thrombus.
Digital subtraction angiography has been the gold standard for diagnosis of HCC-associated A-P shunts, but the detail of the blood flow could sometime be difficult to observe using this technique. To date, with the advances in imaging technology, the presence of A-P shunts could easily be detected through hepatic arteriogram. In this study, the detail of the blood flow of the A-P shunts was clearly displayed by imaging examination in majority of the patients with typical A-P shunts (99/137). The imaging showed 'thread and streaks' signs, corresponding to the blood flow and vessels; thrombus located in a large branch and/or trunk of the portal vein was also observed [13] . An increased number and thickening of artery branches in proximity to the bile duct were often observed, indicating an increase of blood supply to the tumor thrombus. Portal vein thrombus is often caused by the HCC tumors that invade through the stroma. The blood supply to the tumor thrombus increased with the growth of the thrombus, leading to the formation of typical A-P shunts.
In this study, most of the patients with atypical A-P had early-stage tumor thrombus. The early-stage thrombus had a relatively small amount of blood supply, thus low-flow of A-P shunts. In some patients with atypical shunt, portal vein thrombus was not found during the initial diagnosis. These patients had the HCC located near the portal vein, with invasion at the portal vein stroma.
This condition is similar to the early-stage tumor thrombus. Indeed, these patients eventually developed tumor thrombus in the course of the disease. Based on the observations, we suggested that majority of HCC associated A-P shunts are related to the development of portal vein tumor thrombus.
It has been suggested that conventional TACE was not effective for HCC patients with significant A-P shunts. Efforts have been made to treat these patients with embolization materials such as gelatin sponges or coils; however, these approaches could only provide short-term benefits [14] [15] [16] .The embolization materials (e.g. gelatin sponges, coils) are large in size, and are difficult to pass through the shunt and reach the portal vein. It has been reported that the use of iodized oil for embolization was effective in some patients with A-P shunts [14, 15] . We believe it is due to the effective embolization of the blood vessels of tumor thrombus. In our experiences, the use of iodized oil was effective in patients with low or absence of A-P shunts. Retentions of iodized oil in tumor thrombus were often observed in these patients after conventional TACE. Moreover, these patients with low level of A-P shunt may have better liver function. For patients with significant A-P shunts, materials such as sponge particle may first be used to induce shunt occlusion, followed by injection of other embolization agents [17] . Alternatively, the catheter could be inserted into the arteries of the thrombus for injection of embolization agents.
It has been reported that multiple TACE treatments may lead to A-P shunts, thus it is recommended that chemoembolization should be abandoned if A-P shunts appear or the dose of embolic agents should be reduced [18] . In the present study, some of the HCC cases continued to progress after TACE; invasion of the tumor at the portal vein and development of tumor thrombus were found. These conditions lead to an increase of A-P shunt flow. In other cases, TACE treatment did not stop the growth of the existing tumor thrombus, resulting in an increase of A-P shunts. Therefore, embolization of the tumor thrombus should be performed if patients have satisfactory liver function. The embolization of the blood supply of tumor thrombus could reduce the flow of the A-P shunts. 
